Gracilaria is a genus of red algae (Rhodophyta) notable for its economic importance as an agarophyte, as well as its utilization as a food for humans and various species of shellfish. Species of this genus are cultivated in various parts of the world including Asia, South America, Africa and Oceania. Gracilaria is in demand for agar production and is commonly eaten as a salad or raw for diet and medicinal purposes [1] . Reports on Gracilaria species have shown that they contain a high content of fatty acids, protein, minerals, vitamins, amino acids and dietary fiber that are essential for a healthy diet [2] [3] [4] . Beside their use as health foods, seaweeds are also a good source of bioactive compounds. In this context, our present study focused on the biological activities of isolated compounds from edible G. changii, G. manilaensis and Gracilaria sp. to explore their beneficial use as an alternative source for pharmaceutical purposes, and not just as a healthy food.
Isolation of compounds from G. changii, G. manilaensis and Gracilaria sp. revealed the presence of hexadecanoic acid (palmitic acid) (1) as a major compound and choles-5-en-3-ol (2) from the diethyl ether extracts. Moreover, 2-hydroxymyristic acid (3) and cholesteryl myristate (4) were only isolated from the diethyl ether extract of G. changii. A new phenolic compound, 1-(4'-methoxyphenyl) -3-(2",4",6"-trihydroxyphenyl)-3-hydroxypropanone (5), was successfully isolated from the diethyl ether extract of Gracilaria sp.
Compound 5 was isolated as white, needle-like crystals, R f value 0.31 using 10% ethyl acetate in chloroform. The UV spectrum showed absorption at 322 and 267 nm. The IR spectrum exhibited the presence of hydroxyl and carbonyl groups and an unsaturated ring carbon-carbon double bond. The mass spectrum showed a molecular ion peak at m/z 304.1 (M + ), which corresponded to the molecular formula C 16 H 16 O 6 , and gave a base peak at m/z 121.6. Peaks at m/z 286.1 (M + -H 2 O), 169.1 and 134.3 were due to the loss of water. The 1 H NMR spectrum showed the presence of a methoxyl group occurring as a singlet at δ 3.81 (4-OMe), two aromatic protons as doublets at δ 6.97 (H-2'/ H-6', J= 8.4 Hz) and δ 7.41 (H-3'/ H-5', J= 8.8 Hz) and a doublet of doublets at δ 5.91 (H-3"/ H-5", J 1 = 2.02 Hz, J 2 = 4.58 Hz). The APT 13 C NMR spectrum showed the presence of a carbonyl carbon at δ 197.99 and four signals of oxygenated carbons resonating at δ 164.86 (C-3), 165.38 (C-2"), 80.33 (C-4") and 168.54 (C-6"). The unsaturated ring carbons appeared at δ 115.15 (C-2' and C-6'), 129.11 (C-3' and C-5'), 97.30 (C-3") and δ 96.45 (C-5"). Furthermore, a signal for a quaternary carbon appeared at δ 132.27 (C-1"). The assignment of carbons and protons was established by using the HMQC and HMBC data. The HMBC spectrum revealed correlation between H-2 (δ 2.73 and 3.18) with C-1 (δ 197.98) and C-3 (δ 8.164.86) plus H-3' and H-5' (δ 7.41) with C-5' and C-3' (δ129.11) and C-4' (δ 161.42). The spectroscopic data of 5 are given in Table 1 ; selected HMBC correlations are given in Figure 1 . Evaluation of the antibacterial activities of compounds 1-5 was carried out against the Gram-positive bacteria (Bacillus subtilis, B. proteus, Streptococcus fecalis, S. agalatea and Staphylococcus aureus) and the Gram-negative bacterium (Escherichia coli).
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Gentamycin and streptomycin were used as the reference antibiotics. Compounds 2-5 showed weak to moderate antibacterial activity against E.coli with inhibition zones of 11.3 ±0.6 mm, 9.3 ±0.6 mm and 10.6 ±0.6 mm, respectively. Only compound 1 did not show any activity against all the tested organisms, but showed weak activity against B. subtilis, with an inhibition zone of 8.6 ±1.1 mm. Interestingly, another study reported that compound 1 showed significant activity against Vibrio sp. [5] .
Compound 1 exhibited strong cytotoxic activity against both HL60 and MCF-7 cell lines with IC 50 values of 0.50 ± 0.26 µg/mL and 1.50 ± 1.17 µg/mL, respectively. Compounds 2-4 were not active against either cancer cell line ( Table 2 ). Compounds 2 and 3 only showed weak DPPH free radical scavenging activity (33.0% and 42.3%, respectively), while compounds 1 and 4 did not show any DPPH free radical scavenging activity. None of the compounds was active in the xanthine oxidase inhibitory test, except for compound 5. Compound 5, a phenolic compound, showed good antioxidant activity in both the DPPH free radical scavenging and xanthine oxidase inhibitory assays (83.8 ± 2.6% and 64.7 ± 0.7%, respectively) ( Table 2 ).
The cytotoxic activity of Gracilaria sp. might be due to the fatty acid composition, as discussed by Ito et al. [6] , who suggested that fatty acids induce changes in the lipid composition of tumor cells resulting in the their damage. Hexadecanoic, oleic and myristic acids were the most abundant fatty acids found in red seaweeds [7] . Seaweed in the diet is reported to reduce the incidence of breast cancer among the Japanese and Chinese who widely consume seaweed regularly in their diet [8] . Furthermore, previous research on Gracilaria species reported that this genus did not show much antibacterial activity [9, 10] . Compounds that may contribute to anticancer activity are those with high antioxidant capacity. Such compounds have also shown contributions as anti-inflammatory, anticancer, antihypercholesterolemic and antiatherosclerosis agents [11, 12] . In this study compound 5 showed strong antioxidant potency indicating that it may have medicinal value. The dried samples were ground and soaked in methanol. The crude extract was filtered and the filtrate was evaporated under reduced pressure in a rotary evaporator to yield the concentrated methanol extract, which was partitioned with diethyl ether. The extract was evaporated under reduced pressure to obtain a concentrated extract.
Isolation of 1-(4'-methoxyphenyl)-3-(2",4",6"-trihydroxyphenyl)-3-hydroxypropanone (5):
Thirty g of diethyl ether crude extract of Gracilaria sp. was absorbed on silica gel (Merck Kieselgel PF 254 Art no. 7749 and Art no. 9385) and eluted with a mixture of nhexane / diethyl ether, chloroform / ethyl acetate and ethyl acetate / methanol. Seven combined fractions were collected. The combined fraction No 4 was subjected to column chromatography and compound 5 was isolated (15 mg) by elution with 15% diethyl ether in n-hexane. On TLC, compound 5 was visualized as a yellow spot by staining with iodine vapor, and appeared as a dark spot under UV-254 nm and UV-365 nm; with anisaldehyde-sulfuric acid spray reagent, compound 5 was seen as an orange spot.
Structural elucidation:
The structures of the compounds isolated were determined using IR (Perkin Elmer Spectrum 100 FTIR spectrometer), GC-MS (Thermo Finnigan and Hitachi M2000 mass spectrometer), UV (UV-1601PC Shidmadzu), 1 H NMR, 13 C NMR, HMQC and HMBC (Varian Unity Inova 500 MHz). ( Cytotoxic assay: Cytotoxic screening on human Caucasian promyeolitic (HL-60) and human breast cancer cells (MCF-7) was performed using sterile flat-bottomed 96 well plates. Samples were prepared in varying concentrations by serial dilution in RPMI -1640 medium with concentrations of 30, 15, 7.5, 3.75, 1.875, 0.938 and 0.469 µg/mL. One hundred µL of each concentration was added to each well, followed by 100 µL of cells. Then, the plates were incubated for 72 h at 37 0 C, 5% CO 2 , and 90% humidity. The assay was performed in triplicates and colorimetric MTT assay was used to measure the living cells. The absorbance was read by using an ELISA reader at 550 and 630 nm wavelengths. Samples which exhibited a cytotoxic index IC 50 < 10 µg/ mL, were considered to have significant cytotoxic activity [14] .
1-(4'-Methoxyphenyl)-3-(2",4",6"-trihydroxyphenyl)-3-hydroxypropanone)
Quercetin - - - - - - - - 93.6 ± 0.3 - - BHA - - - - - - - - 85.7 ± 0.5 - Allopurinol - - - - - - - - - 68.5 ± 3.9 - (+)-α-Tocopherol - - - - - - - - - 72.4 ± 1.6 - Penicillin - - 30 ± 1.1 NA NA NA NA NA - - - Gentamycin - - 38 ± 2.
Antibacterial assay:
The bacterial growth inhibitory potential was determined by a disc diffusion method [15] against Bacillus subtilis, B. proteus, Streptococcus fecalis, S. agalatea, Staphylococcus aureus and Escherichia coli. Compounds (0.2 mg/ disc) were loaded onto filter paper discs (6 mm Ø) and dried in a laminar flow to remove the solvent of the stock solution. Then, the discs were placed on the surface of the previously inoculated agar. The plates were inverted and incubated for 24 h at 30 0 C. Penicillin, gentamycin and streptomycin were used as positive controls.
DPPH free radical scavenging assay:
The ability of samples to scavenge , -diphenyl--picrylhydrazyl (DPPH) radical was measured as reported by Von Gadov et al. [16] . The determinations were performed in triplicate. The positive controls used were quercetin (Sigma, Germany) and butylated hydroxylanisole (Sigma, Germany). The radical scavenging activity of the tested sample was expressed as inhibition percentage of the DPPH radical scavenging activity, calculated using the following formula:
Where, Abs t =0 is the absorbance at t = 0 and Abs t =30 is the absorbance at t = 30. Where, A S is the absorbance of the enzyme with the test material and A B is the absorbance of the enzyme without test material.
Xanthine oxidase assay:

Acetylcholinesterase inhibitory assay:
A TLC bioautographic method was used for the detection of AChE inhibitors [18] . The inhibitors of acetylcholinesterase show a positive result by giving white spots on the dye-colored background of the TLC plates. This method was adapted from Marston et al. [18] , with some modifications. Briefly, samples were applied to TLC in varying concentrations and developed using an appropriate solvent system. Enzyme solution was prepared by dissolved acetylcholinesterase (250 U, 0.385 g) in 15 mL of Tris-hydrochloric acid buffer solution at pH 7.8 and 15 mg bovine serum albumin was added to the solution to stabilize the enzyme during bioassay. The TLC was dried to remove the solvent completely. Then, enzyme solution was sprayed onto the TLC and dried again. The plates were incubated for 20 min at 37 O C in humid conditions. For enzyme detection solution, 1 mL of 1-naphythyl acetate solution (25 mg in 10 mL ethanol) was mixed with 4 mL of fast blue B salt solution (40 mg in 16 mL distilled water). The enzyme detection solution was prepared immediately before use. After 20 min incubation, the TLC plate was sprayed with the enzyme detection solution. A positive result appears as a white spot against a purple colored background after 1 to 2 min.
Statistical methods: Data were expressed as means ± SD. Experiments were repeated at least 3 times in triplicate.
